As part of its commitment to increasing the pipeline of physicians pursuing careers in clinical research, the Doris Duke Charitable Foundation launched the Doris Duke Clinical Research Fellowship (CRF) Program for medical students in 2000. The program, which is based at 10 US medical schools, provides medical students from any US medical school with the opportunity to spend 1 year obtaining both didactic and "hands-on" mentored clinical research experience. This article describes the program and summarizes the early outcomes collected during the first 3.5 years of the program. Interest in the program among medical students has been robust and widespread, with 35% of CRF program fellows matriculated at non-CRF schools. Exit surveys of the first three classes of fellows totaling 174 fellows indicated that (1) 97% of the fellows felt that participating in the fellowship was a good decision; (2) commitment to a career in clinical research was increased among the 44% of fellows reporting that they were unsure about pursuing a clinical research career when they began their fellowship; (3) there was no difference in satisfaction level between the fellows who remained at the medical schools in which they were matriculated and those who completed their fellowship at a medical school in which they were not matriculated; and (4) the majority of fellows responded that the didactic component of their fellowship was useful. Key Words: mentors, physician-scientists, clinical research
The last few decades have been marked by unprecedented breakthroughs in the biomedical sciences that, if translated into new preventions, treatments, and cures, will significantly improve human health. 1 The translation of these discoveries requires a robust clinical research enterprise that includes adequate numbers of trained, committed personnel; an appropriate infrastructure, including shared databases and systems to protect human subjects; and collaborative networks that effectively bridge the interests of the public and private sectors. 2 Each of these areas requires attention and action. Since awarding its first grants in 1998, the Medical Research Program of the Doris Duke Charitable Foundation has directed much of its resources to ensuring an adequate clinical research workforce and, in particular, maintaining the pipeline of physician-scientists conducting clinical research.* Compared with the total pool of physicians, the pool of talented young physician-scientists conducting either basic or clinical research is diminishing. 3 An American Medical Association survey reported that between 1980 and 1997, there was a decrease in the number of physicians reporting research as their major professional activity, whereas the number of physicians involved in patient care doubled. 3 Not unexpectedly, there has been a parallel decrease in the proportion of National Institutes of Health (NIH) research project grants awarded to investigators with the MD degree under 46 years of age 4 ; in 1997, 56% of the MDs holding NIH grants were older than 45 years compared with 44% in 1977. 3 Similarly, nominations of physician-scientists age 45 years or younger to honorary societies have declined by approximately 30% over the past decade. 3 Furthermore, surveys of matriculating medical students from 1985 to 1997 show a downward trend in their expectation of being involved in research during their career. 3 These trends are worrisome, particularly because they have occurred during a period of unprecedented expansion in funding for investigator-initiated biomedical research.
The decreasing number of physician-scientists (compared with either the total number of physicians or the increasing number of PhD scientists) is thought to be due to a number of factors. 3, [5] [6] [7] These include (1) the increasing debt burden of graduating medical students, 8 (2) a lack of adequate role models and exposure to clinical research, 9 (3) extensive clinical training requirements, and (4) the increasing demands for patient care resulting from changes in reimbursement policies. 10 Two additional factors affecting physicians conducting clinical research are the increased regulatory burden required for clinical research and the relative value placed by academic health centers on participation in clinical research. 11, 12 Each of these factors is important and should be addressed either by enhancing existing programs, such as dual-degree programs, or by creating new initiatives, such as the NIH Clinical Research Career Awards (K23, K24, and K30) † and NIH Clinical Research Loan Repayment Program. 13 ‡ Dual-degree MD-PhD programs § have been major contributors to the pipeline of physician-scientists, 14, 15 but, in the past, the research interests of MD-PhD graduates, particularly from the NIH-funded Medical Scientist Training Programs (MSTPs), have veered toward basic science to a much greater extent than those of their counterparts with the MD degree alone. 14, 15 Moreover, the percentage of medical school graduates receiving MD-PhD degrees decreased from 2.3% in 1998 to 0.9% in 2002 (National Residents Matching Program, 2003) . Although it may be possible to retool MD-PhD programs to emphasize clinical research, the cost of MD-PhD programs and the length of training required are likely to continue to limit the numbers of MD-PhD graduates. 16 Hence, other complementary approaches will be needed to bolster the pipeline of physician-scientists conducting clinical research.
An alternative and less costly recommendation made by the NIH Panel on Clinical Research was to encourage medical students to commit an additional year to intensive clinical research training. 17 A number of excellent programs provide support for medical students to spend an extra research year during medical school. Table 1 
PROGRAM DESIGN
The Foundation's goal in launching a new medical student fellowship program was to bolster the pipeline of physician-scientists pursuing careers in clinical research by providing medical students with high-quality 1-year mentored clinical research || experiences that would be likely to increase their commitment to a clinical research career. To ensure that fellows were matched with outstanding mentors, the foundation established a network of CRF Programs at 10 US medical schools with strong clinical research programs. Participating schools select their own fellows and ensure that their fellows work with the best clinical research mentors.
In August 2000, 25 clinical research-intensive medical schools were invited to submit proposals to establish CRF Programs at their institutions. Each school applying for a CRF grant was required to contribute some of their own resources to the program and to provide fellows with both mentored "hands-on" and didactic clinical research experiences. The key features of the model are listed in Table 2 . Although each CRF school is required to host a minimum of five fellows per year, ensuring that each school has a minimal cohort of students to interact with each other during the year, CRF schools are encouraged to accept more than five fellows if they can identify funding sources for the additional fellows. Each school is also encouraged to develop programs that take advantage of its own unique resources. Medical students matriculated at any US medical school are eligible to apply, and each CRF school is required to award at least two of its five annual fellowships to medical students matriculated outside the CRF school. All CRF schools provide the same core activities and support to their fellows irrespective of where the fellows are matriculated. Although each CRF medical school provides fellows with a mentored clinical research experience and didactic training and accepts its fellows at the same time, the programs at the participating schools differ. For example, the CRF programs at the University of North Carolina and the University of California, San Francisco are based in their General Clinical Research Centers (GCRCs), whereas other programs have looser affiliations with their GCRCs, and some have none. Similarly, although all of the schools have K30 Clinical Research Curriculum Awards, the extent to which the didactic component of the CRF Program is based in the K30 program varies. Most schools match students with mentors and research projects after they start their fellowship, but two programs (Washington University School of Medicine in St. Louis and the University of North Carolina at Chapel Hill) require fellows to identify their mentor and projects during the application process. This diversity, in both research and didactic components, fits with the foundation's aim to create a network of medical school fellowship programs with a common goal and shared key features while encouraging schools to flexibly build on their particular strengths. In this way, fellows are offered greater choices, and the network of 10 schools is more likely to spawn creative approaches.
PROGRAM IMPLEMENTATION
To coordinate the network and launch the program, Daniel Federman, MD, the senior dean for alumni affairs and teaching at Harvard Medical School, was recruited to be the first national program leader. In that role, he served as an advisor to both fellows and program leaders, and his office acted as a clearinghouse of information for potential candidates. During the second year of the program, Allyn L. Mark, MD, associate dean for research at the University of Iowa Carver College of Medicine, served in that role.
Although a complete assessment of the impact of the CRF Program will require a long time horizon, perhaps measured in decades, some early program metrics are available.
INITIAL OUTCOMES Applicant Demographics
Recruitment of fellows has occurred in two ways: centrally by the foundation and locally by the participating schools. Centrally, the fellowship opportunity was posted on the foundation Web site and announcements were e-mailed to medical students through the dean of students' offices. Locally, each CRF medical school solicited applicants at its own school and, in many cases, at the nonparticipating medical schools in its geographic region. A common Webbased application form, which enables applicants to be tracked across all schools, is used by all 10 schools. The application process requires students to submit an official medical school transcript, letters from their dean's office and two faculty members, a description of their prior research experience, and a personal statement describing why the applicant is applying for the CRF fellowship. A few schools request additional information from applicants.
In addition to the central CRF Program Web site hosted by the foundation, each CRF school has a Web site that describes its program in more detail. Prospective students were encouraged to contact each CRF Program in which they were interested and speak to the program leader about potential research projects and mentors before they applied. Students were able to apply to multiple CRF Programs; those from non-CRF schools almost always applied to several schools. Over the first 4 years of the program, 57% of the applicants were matriculated at 1 of the 10 participating schools. Nevertheless, interest from students matriculated at other medical schools was robust, with students from 29 non-CRF medical schools applying for fellowships in 2001, the first year of the program. During the subsequent 3 years (2002-2004), applicants were drawn from a larger pool (36 to 38 non-CRF medical schools plus the 10 CRF schools). As shown in Table 4 first 3 years of the program and then leveled off between 141 and 143 in the program's third and fourth years. Each CRF medical school had its own selection process, but, in general, the selection was based on a record of academic excellence, the applicant's personal statement, prior research experience, the quality of the letters of support and perceived commitment of the applicant to pursue a career in clinical or translational research. The success rate of the applicants to each CRF school varied considerably depending on the schools. Generally, applicants matriculated at a CRF school and applying to that school had considerably higher success rates than applicants applying to schools at which they were not matriculated. In great part, this reflects the fact that CRF schools usually accepted more fellows from their own student body than from other schools.
In the common application form, all applicants were asked if they had had prior research experience and to identify the area of clinical research in which they were interested in working. Ninety-five percent of the 498 applicants indicated that they had prior research experience (these ranged from experiences of several weeks to graduate degree programs). Applicants expressed interest in a broad range of clinical research areas, from patientoriented research in surgery and medicine to epidemiology and health outcomes studies. About half of the applicants identified several research areas that they would be interested in pursuing, whereas the remaining applicants had one specific, focused interest, such as otolaryngology, radiation oncology, cancer prevention, or human immunodeficiency virus (HIV) research. For students with very specific interests, such as an applicant who was interested in research on the acoustics of cochlear implants as a way to combine his interests in music and otolaryngology, the varied opportunities in the network of participating schools usually enabled them to find excellent matches. Regardless of whether students had a focused interest or a more general interest, the program leaders at each school played a major role in helping students who were applying to their schools identify the researchers or groups of researchers at their institution that matched each student's interests. Table 5 presents data on the four classes of fellows enrolled in the program. Almost all of the participating schools identified additional funding sources that enabled them to accept more than the five required fellows. Thus, between 2001 and 2004, the total number of fellows participating in the program was 252, or 36% higher than expected. Sixtyfive percent of these fellows were matriculated at 1 of the 10 participating medical schools, with most (147) of these students remaining at the same school where they were matriculated for their fellowship. The program was designed so that at least two (40%) of the required minimum of five fellows at each school would be matriculated at a different school. Schools that expanded their program beyond the required five students were not constrained to recruit beyond their schools for the additional fellows. Despite the fact that many schools took students in excess of the required five per year, 35% of the fellows during the first 4 years of the program were matriculated at nonparticipating medical schools. The percentage of women has increased steadily, so that 51% of the 2004 class of fellows were women. Between 2001 and 2004, the percentage of underrepresented minorities has ranged from 10 to 17%. 
Fellows
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Exit Survey of the First Three Classes of Fellows
Each fellowship year has culminated in a fellows' meeting at which the current class of fellows presents its research, listens to presentations by senior clinical investigators, and participates in discussions regarding careers in clinical research. At the first meeting, in June 2002, 40 fellows filled out an anonymous 24-question "exit" survey, # which was used to assess the program. Each participating school received the average results from the entire group of fellows, as well as the results from its own class of fellows. Similar anonymous exit surveys with most of the same questions and some additional queries were administered via a Web linkage to the second and third CRF classes 2 weeks before their respective June fellows' meeting. The first 20 questions and statements from the survey instrument are listed in Table 6 . The aggregate responses of the fellows to the various questions and statements relating to whether the fellowship year was satisfactory and met their expectations were extremely positive. The following is a synopsis of the responses of 172 fellows to some of the questions and statements in the survey.
RESEARCH EXPERIENCE
The research projects of the first three classes of fellows have spanned the spectrum of clinical research,** ranging from health outcomes studies, to pharmacogenetics projects, to clinical trials. Despite this range, 87% of the fellows' projects required Institutional Review Board (IRB) approval, and the majority (65%) of fellows saw patients as part of their research project (Table 7) . Furthermore, an additional 17% of the fellows chose to spend some time during their fellowship year seeing patients even though their research did not require patient contact. 12. The formal course work was very useful.
13. The formal course work took too much time away from research.
14. The research question(s) I examined was sufficiently challenging.
15. The research question(s) was well suited to the time I had available. Table 8 shows the distribution of research mentors by department or specialty area. At the end of each year, all fellows submitted at least one abstract of their work to the annual CRF meeting. The 184 abstracts (a few fellows each year submitted more than one abstract) submitted during the first 3 years of the program were distributed among the following three broad types of clinical investigation: natural history of disease and/or disease pathogenesis (53%); therapeutics, interventions, and/or clinical trials (30%); and health outcomes or health services research (17%). Although it is too early to present comprehensive data on publications from the fellows' research, the CRF schools self-reported that fellows were coauthors on 96 articles published or in press as of December 2003.
Ninety-seven percent of the fellows agreed with the statement that their research experience was positive (see Table 6 , statement 16). Nevertheless, only 82% of the fellows felt that the research question they pursued was well suited to the time available; 18% of the fellows did not (see Table 6 , statement 15). This finding was confirmed by informal discussions with many of the program leaders, who indicated that matching fellows to projects was an imperfect process and that, unlike basic research, there were instances when regulatory requirements and patient accrual delayed the start of the research projects. Program leaders reported that although it was desirable to assign fellows to new projects, many clinical research projects are not amenable to being initiated and completed within 1 year. Program leaders often worked with mentors to circumvent this problem by assigning a fellow to two projects, one that was just beginning and another that was already under way.
SATISFACTION WITH THE FELLOWSHIP AND CHANGE IN COMMITMENT TO CLINICAL RESEARCH
Ninety-nine percent (170 of 172) of the fellows agreed or strongly agreed (mean score 4.7) with the statement that their fellowship experience was positive, and 97% (167 of 172) of the fellows agreed that it was a good decision to add a year to their medical school training to pursue the research fellowship (mean score 4.7) (see Table 6 , statements 1 and 2). Overall, 87% (148 of 171) of the responding fellows reported that the fellowship year had increased their commitment to a clinical research career (see Table 6 , statement 4). Eighty-two (48%) of the responding fellows indicated that they had had some degree of uncertainty when they applied to the CRF program about whether they would pursue a career combining research and medicine (clinical research) (see Table 6 
MENTORING
The program leader at each CRF school and his or her advisory committee were responsible for identifying the clinical researchers that they thought would be the best mentors and matching those mentors with their fellows. Ninety-two percent (158 of 171) of the fellows over the first 3 years of the program responded that the mentoring they received during their fellowship year was satisfactory (mean score 4.6) (see Table 6 , statement 9). By the end of the first year of the fellowship program, it became apparent that some schools found it helpful to assign two mentors to a fellow, particularly if those fellows were doing research that bridged two areas. To better capture this information and determine if students who were mentored by a team versus an individual expressed more satisfaction, exit survey questions were added on individual versus team mentoring in the second and third years of the program (see Table 6 , statement 7 and question 8). Of the 132 fellows in the second and third classes of the program, 46 (35%) were mentored by teams. There was no difference in satisfaction between those mentored by teams or individuals (93% vs 95%, respectively).
COURSE WORK
Although the CRF programs at each school had a didactic component that offered students at least two courses or formal seminar series relating to clinical investigation, the didactic component differed among the 10 schools. For example, at some schools, the fellows primarily integrated into parts of existing K30 training programs, whereas other schools used specialized seminars, such as the Clinical Champion seminar series developed at Harvard Medical School. In addition, many fellows chose to attend one or more specialized graduate-level courses related to their research interests. Table 6 , question 11). Whereas the majority of the fellows in the first three classes strongly agreed or agreed with the statement that their course work was very useful, 15% of the fellows disagreed with the statement (see Table 6 , statement 12). Despite the fact that the required course work varied among the 10 schools, the fellows who did not find their course work satisfactory did not cluster in particular schools.
FELLOWS MATRICULATED AT NON-CRF SCHOOLS
Seventy-six fellows (44%; 76 of 174) spent their fellowships at a medical school other than the medical school at which they were matriculated, and 62 of them (36%; 62 of 174) were matriculated at non-CRF medical schools (see Table 5 ). These fellows were indistinguishable from the other fellows in terms of their satisfaction with the fellowship program and their commitment to a career in clinical research. Their survey responses differ in one notable way: fellows matriculated at CRF schools, with very few exceptions, reported that they were encouraged to apply for the fellowship program, whereas 40% of medical students matriculated at non-CRF medical schools indicated that their schools did not encourage them to apply for the program (see Table 6 , statement 6).
CONCLUSIONS
There is a consensus that the pipeline of physician-scientists pursuing careers in clinical investigation needs to be strengthened and that an effective strategy is to begin recruiting individuals to this career path as early as possible. 6, 18 Recent analysis of data from the HHMI's two 1-year research training programs for medical students indicates that 1-year fellowship training provides "an effective imprinting experience on medical students' research careers." 19 A number of excellent fellowship programs enable medical students to spend an extra year during medical school to undertake research (some of these are listed in Table 1 ). One of the significant differences among the programs is how they are structured. For example, medical students participating in the HHMI Medical Fellows Program and the Sarnoff Fellowship Program apply centrally and can take their fellowship to any US medical school, whereas the CRTP and Cloisters Program fellowships are all located on the NIH campus. The Doris Duke Charitable Foundation CRF Program was designed to combine the strengths of both approaches through establishing CRF Programs at 10 medical schools. Each CRF site provides its fellows with local expertise and guidance, as well as the camaraderie of being in a group, whereas the network of 10 CRF schools offers diversity and a range of opportunities and approaches. In 2000, when the Doris Duke Charitable Foundation CRF Program was launched, only one other program existed that focused exclusively on clinical research, the CRTP at the NIH, which was started in 1997. At that time, it was unclear if the CRF Program would generate sufficient interest either from medical schools that were required to devote some of their own resources to the program or from medical students who would need to commit an extra year to their medical education to obtain clinical research experience. Our apprehension regarding the interest and commitment of medical schools was quickly dispelled by the fact that 21 of the 25 medical schools responded to the invitation to submit a proposal to host a CRF Program at their school. The experience suggests that with the appropriate incentives, a significant number of US medical schools are willing to devote resources to provide clinical research training and research experiences to medical students. It has been gratifying that almost all of the CRF schools have identified additional funds that have enabled their programs to expand beyond the required five fellows per year.
Despite only minimal advertising of the CRF Program beyond each CRF school's internal advertising, the first four application and selection cycles indicate that there is a cadre of highly qualified medical students throughout the United States who are interested in devoting an additional year during medical school to obtain clinical research experience. Importantly, a significant portion of CRF applicants were matriculated at non-CRF schools, many of which were non-research-intensive medical schools. With regard to CRF fellows matriculated at non-CRF schools, both exit survey results and informal discussions indicate that more work is needed to encourage non-CRF medical schools to support their students' interest in 1-year research fellowship programs.
Evidence of the effectiveness of 1-year fellowships for the career development of physicians-scientists was reported in a recent study that compared research career outcomes for the awardees of the two HHMI fellowship programs from 1987 to 1995 with the unsuccessful applicants to the HHMI programs and MD-PhD students over that same time period. 19 The study showed that "participation in both HHMI programs increased the likelihood of receiving NIH postdoctoral support." 19 Fang and Meyer also found that women and underrepresented minorities were significantly more likely to participate in the yearlong fellowships. 19 The proportions of women and underrepresented minorities participating in the CRF Program during its first 4 years (see Table 5 ) are similar to those seen in the two HHMI year-long fellowship programs. 19 Thus, our preliminary data support Fang and Meyer's suggestion that 1-year fellowship programs may be more effective than multiyear programs for recruiting women and minority medical students into careers in both basic and clinical research. 19 The exit surveys indicated that the vast majority of the CRF fellows were happy with their decision to take a 1-year clinical research fellowship and were pleased with their research experience. A successful clinical research fellowship experience depended not only on the identification of an outstanding mentor but also on the careful choice of a clinical research project or a portfolio of projects that took into consideration possible delays owing to issues such as regulatory approvals and patient recruitment. In many cases, students were assigned to two projects: one that had not yet received IRB approval and a second ongoing project, in which the regulatory requirements had been completed. Guidance and advice from dedicated on-site program leaders were essential to the success of this process. Hence, the design of the CRF Program was particularly suited to deal with the challenges inherent in a fellowship program focused on clinical research. The exit survey data indicate that the fellows overwhelmingly felt that it was a good decision to take a year off from medical school to participate in the CRF Program. Moreover, most of the fellows who expressed that they were unsure about pursuing a career that included clinical research at the start of the fellowship reported that the fellowship year increased their commitment to clinical research.
The CRF Program has joined an array of research fellowship programs that are available to medical students. Although it is too early to know whether it will achieve its goal of recruiting more physicians into careers in clinical investigation, its focus on clinical research has clearly enhanced the diversity of opportunities for interested medical students, and the initial outcomes are very positive. Thus, the foundation has recently renewed its commitment to this program and will be supporting new classes of CRF Program fellows through 2007.
